Objective To examine whether women who undergo in vitro fertilisation (IVF) treatment are at greater risk of postnatal suicide or postnatal depression (PND) requiring psychiatric care, compared with women who conceive spontaneously.
Introduction
It is generally reported that about 13% of women in developed countries suffer from postnatal depression (PND). 1, 2 Studies have shown, however, that the prevalence of PND cases that require psychiatric care is 0.3%, 3 and that the prevalence of hospitalisations as a result of PND is 0.06-0.26%. 4 Apart from the negative effects on a woman's health, PND can also have a negative impact on the mother-child interaction and child development. [5] [6] [7] Risk factors of PND include previous psychiatric illness, [8] [9] [10] specifically depression, 9, 10 antenatal depression and anxiety, [8] [9] [10] stressful life events, [8] [9] [10] lack of social support, [8] [9] [10] a negative attitude towards pregnancy, 8, 9 neuroticism, 9 low self-esteem, poor marital relationship, low socio-economic status, being single, obstetrical stressors, and a difficult temperament in the infant.
These risk factors cannot fully explain the variance in PND incidence, however. 11 Gleicher 12 argued that the pathogenesis of PND could be autoimmune, based on similarities between PND and well-known autoimmune disorders. The rationale behind this was that pregnancy reveals underlying dispositions, and causes recurrences for both autoimmune and affective disorders, with both being exacerbated during late pregnancy or the postpartum period, and with both sharing risk factors such as primiparity and childbirth by caesarean section. 12 It has also been hypothesised that hormone exposure, specifically disruptions in the hypothalamus-pituitary-adrenal (HPA) axis, during pregnancy might be a factor in the pathogenesis of PND. 11 The theory behind this is that stress, which is a well-known cause of depression, is closely linked to the function of the HPA axis, and there is evidence of dysregulation in the HPA axis during the postpartum period. 11 As infertility and its treatment causes levels of stress to rise during and after treatment, 12, 13 one might hypothesise that the risk of dysregulationin in the HPA axis, and thus PND, would be increased in these women. Notably, An et al. found a positive association between cortisol levels and anxiety state in women treated with in vitro fertilisation (IVF). 14 Most studies, with a few exceptions, [15] [16] [17] have found the risk of developing postnatal depressive symptoms or PND to be equal when those who have conceived using assisted reproductive technologies (ART) are compared with those who have conceived spontaneously; [18] [19] [20] [21] [22] however, Ross et al. reported that most studies failed to control for known risk factors of PND. 19 In general, women who undergo infertility treatment have fewer risk factors of PND. They have a higher socio-economic status, enjoy relationships of a better quality and of longer duration, and are more psychologically well adjusted than those who conceive naturally. [23] [24] [25] [26] [27] Therefore, Ross et al. speculated that future studies controlling for these factors may in fact find the risk of PND to be increased among women who have undergone infertility treatment. Also, most previous studies have used self-report depression screening instruments rather than diagnostic criteria to identify cases. 19 As an increasing number of couples use IVF treatment to conceive, 28 it is important to determine if this treatment increases the risk of PND, which might have grave consequences on the health of both mother and child. [5] [6] [7] We hypothesised that women who receive IVF treatment are at an increased risk of PND because previous studies have found the risk among these women to be equal with those who have conceived spontaneously while failing to control for possible confounding factors. The aim of the present study was to examine whether women who undergo IVF treatment are at greater risk of postnatal suicide or PND requiring psychiatric care, compared with women who conceive spontaneously.
Methods

Population
All primiparous women born from 1 January 1973 to 31 December 1983 who were included in the Swedish IVF register from 1 January 2003 to 31 December 2009 were included in the study (n = 3532). This time interval was chosen so that as much information as possible would be available from all registers for all participants. A control group of women (n = 8553) who had conceived spontaneously and subsequently given birth were randomly selected from the Medical Birth Register using the SPSS sample procedure. In order to increase the power of the study, the control group chosen was more than twice the size of the IVF group. The groups were matched for age.
Registers
The Medical Birth Register (MBR) The MBR includes nearly all pregnancies that have resulted in births in Sweden since 1973, and contains information about the pregnancy, delivery, and antenatal health of the child. As a result of reporting errors, 1-3% of deliveries are missing from the register each year. The register is based on the medical charts from antenatal, obstetric, and neonatal care, 29 and has been thoroughly described by Harlow et al. 30 Using the personal identification number (PIN) of the women, information about the height, weight, parity, previous miscarriages, previous experience of delivering a stillborn child or death of a child during the first month, gestational week at childbirth, as well as mode of childbirth was collected. Birthweight was categorised into extremely low birthweight (<1000 g, ELBW), very low birthweight (1000-1499 g, VLBW), low birthweight (1500-2499 g, LBW), and normal birthweight (>2500 g). Gestational age was divided into <28 weeks (extremely preterm), 28-31 weeks (very preterm), 32-36 weeks (preterm), 37-40 weeks (term) and >40 weeks (post-term).
The National Patient Register (NPR)
The NPR contains information about all patients who have been discharged from hospital or treated in outpatient care. It does not contain diagnoses received in general practice. This register has been thoroughly described by Harlow et al. 30 Pre-and postnatal psychiatric diagnoses were collected from the NPR. The diagnoses were limited to the past 5 years before and 1 year after childbirth, and were chosen from the fifth chapter of the tenth edition of the International Classification of Diseases (ICD-10), containing the mental and behavioural disorders. The definition of PND in the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (BDSM-IV) is limited to the first 4 weeks after childbirth; however, mental illnesses occurring as late as 12 months after childbirth are often defined as postnatal. 1, 9, 31 In order to include all possible PND cases, a time interval of 1 year was used in this study. The diagnoses retrieved from the register for the 5 years prior to childbirth were F20-F29 (schizophrenia, schizotypal, and delusional disorders), F30-F39 (affective disorders), F40 (phobic disorders), F41 (other anxiety disorders), F42 (obsessive-compulsive disorder), F43 (reactions to severe stress), and F60 (disorders of adult personality and behaviour), as a history of psychiatric illness is the greatest risk factor of postnatal depression. 9, 32, 33 The diagnoses included in the definition of PND were F32-F39. No diagnoses of psychotic disorders were included. The prevalence of suicides was also collected from this register.
The IVF register
The registration of IVF pregnancies in Sweden is thoroughly described by K€ all en et al. and the Swedish National Board of Health and Welfare. 34, 35 This register was started in 1982 and is held by the National Board of Health and Welfare. All women who have been treated with IVF and subsequently given birth to a child are included. A file based on the woman's PIN is set up to include information on the laboratory conducting the treatment, the date, the type of treatment, etc. 34, 35 From this register the PIN numbers of the women who had undergone IVF treatment were collected.
The Total Population Register (TPR), the Education Register (ER) and the Population and Housing Census (PHC) These registers are held by Statistics Sweden. The TPR was established in 1968 and includes information on births, deaths, migrations, and marital status. 36 Information about marital status was gathered from this register and divided into: 1, married or cohabiting; and 2, single, divorced, or widowed. The ER contains information about the educational level of the population, which is collected continuously. 37, 38 From this register, information about the highest level of education was collected and divided into: (1) secondary school; (2) high school; and (3) university.
Statistics
The calculations were performed using SPSS 20.0 (IBM Inc., Armonk, USA). Chi-square tests were performed to determine differences between the two groups in demographics (highest level of education, marital status), experiences from previous pregnancies (miscarriages, previous experience of stillborn child, or death of child during the first month), factors of the current pregnancy (plurality, mode of delivery), psychiatric diagnoses over the last 5 years, and PND.
A binary logistic regression analysis with PND (F32-F39) as the dependent variable was performed. The covariates chosen were known risk factors of PND. In order to fulfil the main aim of the study, the group (1, IVF; 2, controls) was added as a covariate. The variable 'previous miscarriages' was also included because there was a significant difference between the two groups in the chi-square analyses for this variable. When all covariates were added to the same model the regression was saturated. The covariates were therefore added to the regression in the aforementioned groups (demographics, previous pregnancies, current pregnancy, factors in delivery, maternal somatic illness, history of psychiatric illness), one group at a time, to find the groups most associated with the outcome. Covariates that were significant were added in a multiple regression model so that the covariates most associated with the outcome could be analysed together. As a result of the high correlation between the variables 'any psychiatric disorder' and 'any affective disorder', separate models were performed for these two variables. In each model, all other potential confounding factors that were significantly associated with the outcome in the binary logistic regression analyses were included.
Results
Demographics
In total, 3532 primiparous women who had given birth as a result of IVF treatment were included in the study. An age-matched, primiparous control group of women (n = 8553) was chosen from the MBR. The mean age at the time of giving birth was 29.2 years. Of the women in the IVF group, 4% (n = 120) were single compared with 12.4% (n = 367) of women in the control group (P = 0.000). The controls were more likely to have completed high school as their highest level of education, whereas the women in the IVF group were more likely to either have left school after 9 years or to have completed an education at university (P = 0.007; Table 1 ).
Characteristics of previous pregnancies
Looking at all women, 0.1% (n = 17) had previously experienced the death of a child either during labour or up until the first month after birth (Table 1 ). There were no significant differences between the two groups for this variable. The women in the IVF group (15.4%, n = 543) were significantly more likely than those in the control group (12.7%, n = 1089) to have had one or more miscarriages (P = 0.000; Table 1 ).
Characteristics of the current pregnancy
The women in the IVF group were significantly more likely to give birth prematurely (P = 0.000), and to give birth to a baby that weighed <2500 g, compared with the women in the control group (P = 0.000; Table 1 ). Women in the control group were more likely than women in the IVF group to have an instrumental delivery (P = 0.000), whereas the differences for acute and elective caesarean section were small and insignificant. The percentage of women who gave birth to two or more children was 1.6% in both groups.
History of psychiatric illness
In the last 5 years prior to giving birth, 2.5% (n = 87) of the women in the IVF group and 4.2% (n = 355) of those in the control group (P = 0.000) had been diagnosed with a psychiatric disease ( Table 2) . Fourteen (0.2%) of the women in the control group and none of those in the IVF group had a history of mania or bipolar disorder, whereas 39 (1.1%) of those in the IVF group and 159 (1.9%) of the controls were previously diagnosed with depression (P = 0.003). With regards to anxiety, 62 (1.8%) of those in the IVF group and 240 (2.8%) of the controls had previ- ously received such a diagnosis (P = 0.001). Only one of the women who had received IVF and six of the controls had a history of psychosis or schizophrenia (P = 0.681), whereas seven (0.2%) of the women in the IVF group and 44 (0.5%) of the women in the control group had previously received a diagnosis of personality disorder (P = 0.016; Table 2 ).
Postnatal psychiatric diagnoses
Women in the control group (n = 66; 0.8%) were more likely than women in the IVF group (n = 15; 0.4%) to receive a diagnosis of PND (P = 0.04). When the women without a history of psychiatric illness were selected, the differences were not significant. None of the women in either group committed suicide during the first year after childbirth.
The binary logistic regression analysis with PND as the dependent variable showed that those who were single (P = 0.006; odds ratio, OR = 3.3; 95% confidence interval, 95% CI = 1.4-7.8), had a history of any psychiatric illness (P = 0.000; OR = 8.4; 95% CI = 3.1-22.5), or specifically an affective (P = 0.000; OR = 5.4; 95% CI = 2.4-12.5) or personality disorder (P = 0.008; OR = 3.0; 95% CI = 1.3-6.6) were at greater risk of PND (Table 3) . Women in the control group were more likely to be diagnosed with PND compared with women in the IVF group (P = 0.037; OR = 1.8; 95% CI = 1.0-3.2). When the covariates with a significant relationship to the outcome were added to the first multiple regression model the significant results remained for any previous psychiatric illness (P = 0.000; OR = 25.5; 95% CI = 11.7-55.5), or specifically a personality disorder (P = 0.028; OR = 3.8; 95% CI = 1.2-12.7). In the second model the significant results remained for any previous affective disorder (P = 0.000; OR = 26.0; 95% CI = 10.5-64.0) and personality disorder (P = 0.005; OR = 7.5; 95% CI = 1.8-30.8).
Discussion
Main findings
This study showed that IVF treatment is not associated with an increased risk of PND of a severity that requires psychiatric care. The initial findings instead indicated that women in the control group were at increased risk of PND, but that this difference disappeared when other covariates were controlled for in the multiple regression model. Meanwhile, a history of any psychiatric illness or specifically a previous affective or personality disorder were risk factors of PND. In total, 3.6% of all the women in the study had suffered a psychiatric illness that required specialist psychiatric care during the 5 years prior to giving birth. The majority had suffered from depression (1.6%) and/or an anxiety disorder (2.5%). It was more common for the women in the control group than the women in the IVF group to have suffered any category of psychiatric illness, apart from anxiety disorders, where there were no differences between the groups.
Strengths and limitations
The results of this study can only be generalised to severe cases of PND that require psychiatric care. The low multiple pregnancy rates found in this study also reduces the generalisability of the results, as it is likely to be higher in other IVF settings, and as the risk of PND can be increased in these patients. 39 A major limitation is that we were unable to control for some known risk factors of PND, such as symptoms of depression and anxiety during pregnancy, life events, social support, and marital satisfaction. As mentioned in the introduction, it is likely that the women in the IVF group have fewer of these risk factors. They are, for example, more likely to have a supportive partner. It is possible that there are additional factors, of which we are not aware, that vary between the two groups. Also, we were unable to ascertain that there were no women among the controls that had undergone other forms of infertility treatment, as only women treated with IVF are included in the IVF register. Demographic data were not available for a large proportion of the participants because of missing information in the registers. For some diagnostic groups, for example schizophrenia and psychosis, there were small numbers, and thus large confidence intervals.
The strengths of this study include a large study population and that no primiparous women who had given birth after IVF treatment during the specified time period were excluded. The registers used in this study are of good quality. We eliminated bias from age through matching, from parity through our inclusion criteria, and bias from factors inherent to the current pregnancy or delivery, the previous pregnancy, previous psychiatric illness, and demographics through regression analyses.
Interpretation
In accordance with most previous studies, [18] [19] [20] [21] [22] we did not find any evidence to indicate an increased risk of PND among the women treated with IVF; however, as the prevalence of PND that requires in-or outpatient psychiatric care is significantly lower than the general PND prevalence rates, the size of the present study might not be large enough to detect a difference between the groups.
Meanwhile, one might have expected that the stress caused by infertility and its treatment would cause increased cortisol levels, as shown by An et al., and thus that the risk of PND would be increased in these women; however, they also found that women with higher cortisol levels had a decreased chance of giving birth as a result of treatment. 40 Hence, the lack of differences in PND prevalence rates generally reported might be accounted for by a combination of two factors. [18] [19] [20] [21] [22] First, the lower prevalence of known risk factors of PND, which reasonably should all have a negative effect on stress levels, in IVF women, and second, the reduced likelihood of a positive treatment outcome in women with high stress levels treated with IVF. Also, if PND is seen as an autoimmune disorder, 12 there is nothing known about these types of disorders that indicate that infertility or its treatment should increase the risk of PND, in concordance with our results.
In total, <1% of the women suffered PND, which corresponded to 0.4% of the women who had received IVF treatment and 0.8% of the controls; however, when comparing the present study with those conducted previously, it must be noted that the present study was not based on symptom rating scales but on diagnoses determined in psychiatric in-or outpatient care, and therefore the PND cases here were most likely more severe than the cases in most previous studies.
Meanwhile, the prevalence found in this study is slightly higher than that reported by Räisänän et al., 3 who also studied in-and outpatient psychiatric care diagnoses and found a prevalence of 0.3%. As a large part of our population consisted of women who had been accepted for IVF treatment, who belong to a group known to be psychiatrically healthier than the general population, this slightly higher prevalence is surprising. It is possible that this difference might be a result of a difference in the ICD-10 codes used for the PND diagnoses between our two studies. None of the women committed suicide during the first year after childbirth. Although suicide is the cause of 20% of maternal deaths in the postnatal time interval, it is uncommon in absolute terms. 41 Hence, our findings were not unexpected.
Our results are in line with those of previous studies in showing that previous mental illness is a major risk factor for PND. 3, [18] [19] [20] The reason for the higher prevalence of previous psychiatric illness among the controls might be that individuals with a history of severe psychiatric disease tend not to seek infertility treatment. This may in turn be caused by a fear that the strain of the treatment and/or having a child might be more than they can handle, or that, in some cases, they are afraid to stop taking medication that might damage a fetus. Also, those who do seek infertility treatment might not be accepted for treatment if they suffer from a severe mental illness. Hence, adjusting for previous psychiatric disorders might not be sufficient to control for the potential effects of these confounding factors; however, we believe that our study population, including the distribution of previous psychiatric illnesses, reflects the patient population in most infertility clinics.
Conclusion
In conclusion, IVF treatment is not associated with an increased risk of PND; however, a history of psychiatric illness in general, or an affective or a personality disorder specifically, increases the risk of PND. Future studies on this topic should aim to control for all major risk factors of PND.
